ABSTRACT Aims/Introduction: In the EMPA-REG OUTCOME â trial, empagliflozin added to standard of care improved clinically relevant kidney outcomes by 39%, slowed progression of chronic kidney disease, and reduced albuminuria in patients with type 2 diabetes and established cardiovascular disease. This exploratory analysis investigated the effects of empagliflozin on the kidneys in Asian patients. Materials and Methods: Participants in the EMPA-REG OUTCOME â trial were randomized (1:1:1) to empagliflozin 10 mg, 25 mg or a placebo. In patients of Asian race, we analyzed incident or worsening nephropathy (progression to macroalbuminuria, doubling of serum creatinine, initiation of renal-replacement therapy or renal death) and its components, estimated glomerular filtration rate (eGFR) and urine albumin-to-creatinine ratio changes, and renal safety.
INTRODUCTION
Type 2 diabetes mellitus is frequently perceived as a disease of the Western world, and while it is widely known that the incidence of diabetes in Asian countries is predicted to increase over the coming years, it is less often recognized that the incidence is in fact already high throughout the Asian region. For example, in 2017 the International Diabetes Federation estimated that >100 million people in China had diabetes, as did >80 million people in Southeast Asia 1 . Together, more than half the number of people with diabetes worldwide were from Asian countries 1 .
Certainly, these statistics are partially explained by the large populations of these countries, but the epidemiology and pathophysiology of diabetes also vary between racial and ethnic groups [2] [3] [4] [5] [6] [7] [8] [9] [10] . Asian patients with type 2 diabetes mellitus are more likely to be diagnosed at a relatively young age (approximately 20% are diagnosed before they are aged 40 years) 11 and are at higher risk for complications than patients with late-onset type 2 diabetes mellitus 12 . Among type 2 diabetes mellitus complications, cardiovascular (CV) disease is often the focus of attention, but microvascular complications are also of critical importance, and approximately 50% of type 2 diabetes mellitus patients worldwide will develop diabetic kidney disease (DKD) during their lifetime 13, 14 . An increasing body of evidence suggests that Asian individuals with type 2 diabetes mellitus are at greater risk of DKD than other racial groups [6] [7] [8] [9] [15] [16] [17] [18] [19] . Unfortunately, options to prevent or treat DKD are limited; currently available treatment involves control of blood glucose and blood pressure along with renin-angiotensin-aldosterone system inhibition, and encouraging smoking cessation. However, patients receiving the current standard of care remain at increased risk of clinical kidney and CV events, and premature death 12, 20, 21 . Given the pressing need for additional treatments, there has been extensive interest in possible kidney benefits of the type 2 diabetes mellitus drugs known as sodium-glucose cotransporter 2 (SGLT2) inhibitors 22, 23 . As a class, SGLT2 inhibitors are now well established as a treatment option for type 2 diabetes mellitus, with clinical trials showing these agents provide effective reductions in glycated hemoglobin (HbA1c) in a wide range of patient groups. In patients with type 2 diabetes mellitus and established CV disease, SGLT2 inhibitors have shown significant reductions in the risk of macrovascular complications in dedicated CV outcome trials 24, 25 . In the Empagliflozin, Cardiovascular Outcomes and Mortality in Type 2 Diabetes (EMPA-REG OUTCOME â ) trial, empagliflozin, a highly selective inhibitor of SGLT2, significantly reduced the risk of the primary outcome of three-point major adverse CV events (MACE; composite of CV death, non-fatal myocardial infarction or non-fatal stroke), driven by a 38% relative risk reduction in CV death, when added to standard of care 24 . Despite diminishing glucose-lowering efficacy with declining kidney function, improved CV outcomes with empagliflozin were also consistent across subgroups of patients by baseline kidney function or albuminuria 26 . Furthermore, in the EMPA-REG OUTCOME â trial, kidney outcomes were among prespecified secondary end-points and, over the course of the study, empagliflozin was associated with lower rates of clinically relevant kidney outcomes versus placebo, as well as a slower decline in the estimated glomerular filtration rate (eGFR), and sustained reductions in the urine albumin-to-creatinine ratio (UACR) 27, 28 . Given the potential differences between Asian patients and other populations in disease etiology, subgroup analyses of EMPA-REG OUTCOME â were prespecified; analysis of CV outcomes and mortality showed that risk reductions with empagliflozin were consistent between the overall trial population and Asian patients 29 . We report a subgroup analysis of EMPA-REG OUT-COME â assessing the effect of empagliflozin on kidney outcomes, eGFR and albuminuria in patients of Asian race.
METHODS

Study Design
The EMPA-REG OUTCOME â study design and methods have been previously described 24, 30 . Key inclusion criteria were adults with type 2 diabetes mellitus (HbA1c 7.0-9.0% for drug-na€ ıve patients and 7.0-10.0% for patients receiving stable glucose-lowering treatment), body mass index ≤45 kg/m 2 , established CV disease and eGFR ≥30 mL/min/1.73 m 2 , according to the Modification of Diet in Renal Disease (MDRD) equation. Patients were randomized 1:1:1 to receive once-daily empagliflozin 10 mg, empagliflozin 25 mg or a placebo in addition to standard of care. The trial continued until at least 691 patients experienced an adjudicated event included in the primary outcome of three-point major adverse CV events.
Centers in 11 so-called Asian countries (Hong Kong, India, Indonesia, Japan, Korea, Malaysia, Philippines, Singapore, Sri Lanka, Taiwan and Thailand) participated in the EMPA-REG OUTCOME â trial, and are referred to subsequently as "Asian countries." However, all patients of Asian race were included in this analysis, irrespective of their geographic location. Patients self-identified their race.
Serum creatinine and UACR were measured by a central laboratory at the following timepoints: the start of the placebo run-in period; randomization; weeks 4 (only serum creatinine), 12, 28 and 52; then every 14 weeks until the end-of-study visit; at the end-of-study visit; and 30 days after the end-of-study visit. At the same timepoints, except for week 4, urine dipstick was carried out locally. The timing of urine collection (e.g., first-morning void) was not specified. Events that were consistent with changes in albuminuria category (defined, for the purpose of this study, in accordance with the Kidney Disease Improving Global Outcomes categories 31 as normoalbuminuria [UACR <30 mg/g], microalbuminuria [UACR ≥30 to ≤300 mg/g] or macroalbuminuria [UACR >300 mg/g]) were captured if any laboratory assessment fulfilled the criteria on one occasion 28 . To calculate eGFR, the MDRD formula was used at baseline, and the Chronic Kidney Disease Epidemiology Collaboration formula was used for eGFR over time.
The trial was carried out in accordance with the principles of the Declaration of Helsinki and the International Conference on Harmonization Good Clinical Practice guidelines. The protocol was approved by an independent ethics committee or institutional review board at each participating site, and all patients provided informed consent before study entry.
Outcomes
Previously, the CV outcomes of the EMPA-REG OUTCOME and in Asian patients 6, 29, 34 . Kidney outcomes have been reported in detail for the overall trial population 27 . Here, we analyzed post-hoc the following kidney outcomes in patients of Asian race: incident or worsening nephropathy (a composite of progression to macroalbuminuria, doubling of serum creatinine accompanied by eGFR [MDRD] ≤45 mL/min/1.73 m 2 , initiation of renal-replacement therapy or death from kidney disease); progression to macroalbuminuria; and a composite of doubling of serum creatinine accompanied by an eGFR (MDRD) ≤45 mL/min/1.73 m 2 , initiation of renal-replacement therapy or death from kidney disease. For the same outcomes, subgroup analyses were also carried out in patients from the East Asian region (patients from Hong Kong, Japan, Korea or Taiwan; all of whom were of Asian race). In addition, incident or worsening nephropathy was assessed in Asian patients by subgroup of baseline eGFR categories (<60 and ≥60 mL/min/1.73 m 2 ). Kidney function was measured using eGFR over time, as well as changes in eGFR from baseline to last value on treatment and to follow-up 27 . UACR over time and changes from baseline to week 12 and 164 (median observation time) were analyzed by baseline UACR categories, as previously described for the overall trial population 28 . Improvement or deterioration of UACR between defined UACR categories (normoalbuminuria, microalbuminuria and macroalbuminuria) was based on sustained measurements (≥2 consecutive measurements ≥4 weeks apart), and was determined as follows: time to new onset of sustained normoalbuminuria in patients with microalbuminuria at baseline; time to new onset of sustained normo-or microalbuminuria in patients with macroalbuminuria at baseline; time to new onset of sustained micro-or macroalbuminuria in patients with normoalbuminuria at baseline; and time to new onset of sustained macroalbuminuria in patients with normoor microalbuminuria at baseline.
The safety results of Asian patients from the EMPA-REG OUTCOME â trial have also been reported previously 29 . We assessed additional safety measures relevant to kidney outcomes on the basis of adverse events (AEs) reported in subgroups by baseline eGFR categories (<60 and ≥60 mL/min/1.73 m 2 ).
Statistical Analysis
All analyses were carried out in the treated set of patients who received one or more dose of the study drug (modified intention-to-treat approach) and compared the pooled empagliflozin groups (10 and 25 mg) versus placebo.
Baseline characteristics, background medications at baseline and introduced post-baseline, and AEs were presented by subgroups with baseline eGFR <60 or ≥60 mL/min/1.73 m 2 . Cox regression analyses for the overall trial population have been previously described 27 . A Cox proportional hazards model was used to investigate the consistency of the treatment effects in the Asian subgroup and in the other races (White, Black/ African American, Other). The results for the other races are not included in the present study, but were included in the model to allow calculation of the interaction P-value. Analyses by subgroup of eGFR used a similar model, with the addition of a factor for treatment by baseline eGFR (MDRD) interaction.
Changes in eGFR and UACR over time were evaluated using a mixed-model, repeated-measures analysis in patients who received one or more dose of the study drug, and had a baseline and post-baseline measurement. The eGFR analysis model included baseline HbA1c and eGFR (Chronic Kidney Disease Epidemiology Collaboration) as linear covariates, and region, baseline body mass index, the last week a patient could have had an eGFR measurement, treatment, visit, treatment-by-visit interaction, baseline HbA1c-by-visit interaction and baseline eGFR-by-visit interaction as fixed effects. For the analysis of patients of Asian race, the model also included race, visit-byrace interaction, treatment-by-race interaction and treatmentby-visit-by-race interaction as fixed effects. The UACR analysis model included baseline HbA1c as a linear covariate, and baseline eGFR category, region, baseline body mass index category, the last week a patient could have had a UACR measurement, treatment, visit, baseline UACR category, treatment-by-visit interaction, visit-by-baseline-UACR-category interaction, treatment-by-visit-by-baseline-UACR-category interaction and baseline HbA1c-by-visit interaction as fixed effects. UACR changes over time were analyzed by baseline UACR category (normoalbuminuria, microalbuminuria or macroalbuminuria). KaplanMeier estimates were generated for the time to first occurrence of kidney outcomes and UACR regression (improvement)/progression (deterioration); hazard ratios were determined by Cox regression analysis.
RESULTS
Patients
A total of 7,020 patients received one or more dose of the study drug during the EMPA-REG OUTCOME â trial; of these, 1,517 (26.1%) were of Asian race. The median observation time in this subgroup was 3.3 years, similar to that of the overall trial population (3.1 years).
Overall baseline characteristics of the Asian patients have been reported previously and were generally balanced between the placebo and empagliflozin groups 29 . At baseline, 71.9% of Asian patients were taking angiotensin-converting enzyme (ACE) inhibitors and/or angiotensin-receptor blockers (ARBs), 58.8% were taking b-blockers, and 26.6% were taking diuretics 29 . In addition, as observed in the overall trial population 35 , loop diuretics were introduced in fewer Asian patients in the empagliflozin group than the placebo group during the study (hazard ratio [HR] 0.66, 95% confidence interval [CI] 0.47-0.91; Figure S1 ).
Baseline characteristics according to baseline eGFR <60 or ≥60 mL/min/1.73 m 2 are shown in Table S1 , and baseline medications are shown in Table S2 . As expected, patients with eGFR <60 mL/min/1.73 m 2 tended to be older, have a longer duration of type 2 diabetes mellitus, were more likely to have albuminuria and to receive diuretics. However, fewer empagliflozin-treated patients received diuretics (including loop diuretics) than those receiving a placebo (Table S2) .
Outcomes
Incident or Worsening Nephropathy
For the Asian subgroup, event rates for kidney outcomes appeared higher than in the overall population (Figure 1) , although this was not tested for statistical significance. The effects of empagliflozin on kidney outcomes in Asian patients were consistent with those in the overall trial population (Figures 1 and 2 , initiation of renal-replacement therapy or death due to renal disease occurred in 1.8% of the empagliflozin group versus 3.6% of the placebo group (HR 0.48, 95% CI 0.25-0.92; Figures 1 and 2c) .
Kidney outcomes in patients from the East Asian region were also consistent with the overall population (Table S3) . Asian patients with an eGFR <60 mL/min/1.73 m 2 were more likely to experience adverse kidney outcomes than those with a baseline eGFR of ≥60 mL/min/1.73 m 2 , but the beneficial effect of empagliflozin was consistent in both subgroups (Figure 3 ).
Kidney Function Over Time
Kidney function over time, based on eGFR measurements, is shown in Figure 4 . In Asian patients treated with empagliflozin, eGFR values showed an initial short-term decline, after which values remained stable over 192 weeks; in placebo-treated patients, there was no short-term change, but eGFR values declined over long-term treatment (Figure 4a ). The initial eGFR decrease in the empagliflozin group was reversed at the follow-up visit, which took place approximately 1 month (median 36 days) after cessation of the study drug (Figure 4b ). At the post-treatment follow up, the adjusted mean difference from placebo in the change from baseline in eGFR with empagliflozin was +5.0 mL/ min/1.73 m 2 (95% CI 3.7-6.3 mL/min/1.73 m 2 ).
UACR Changes
Regardless of the baseline UACR category, treatment with empagliflozin resulted in a rapid reduction in UACR compared with placebo at week 12, which was maintained through week 164. The effect in Asian patients was consistent with the overall trial population (Table 1, Figure S2 ). Sustained improvement in albuminuria status was more common with empagliflozin than with placebo, and the effect in Asian patients was consistent with the overall trial population ( Figure S3 ). Sustained deterioration in albuminuria status was more common with placebo than with empagliflozin; again, Asian patients had results consistent with those of the overall trial population ( Figure S4 ).
Safety
The safety profile of empagliflozin in the overall trial population and in Asian patients has been previously reported 29 . Consistent with the known safety profile for empagliflozin, genital infections were reported more frequently than in patients in the placebo groups.
In Asian patients with eGFR <60 mL/min/1.73 m 2 , frequencies of serious AEs, drug-related AEs and AEs leading to discontinuation were greater than in those with eGFR ≥60 mL/ min/1.73 m 2 ; however, frequencies were well balanced between the empagliflozin and placebo groups (Table S4 ). The frequencies of renal AEs consistent with acute renal failure, volume depletion, bone fractures, hyperkalemia and edema were higher in Asian patients with eGFR <60 mL/min/1.73 m 2 , but frequencies were similar between the empagliflozin and placebo groups (Table S4) .
DISCUSSION
These analyses of kidney outcomes in Asian patients from EMPA-REG OUTCOME â showed improvements with empagliflozin across the various outcomes studied, with results consistent with those of the overall trial population. As previously reported, in the overall trial population, empagliflozin in addition to standard of care was associated with lower rates of clinically relevant kidney outcomes, including a 39% reduction in the relative risk of incident or worsening nephropathy. In the subgroup of patients of Asian race, the corresponding risk reduction for incident or worsening nephropathy was 36%, and the components of progression to macroalbuminuria or the composite of doubling of serum creatinine, renal-replacement therapy, or death from kidney disease also showed consistent reductions. Examining the pattern of events over time, these improvements with empagliflozin occurred early and were maintained during the study, and a similar pattern of risk reduction was seen regardless of eGFR at baseline. Furthermore, the improvements in kidney outcomes were also consistent between patients from East Asian countries and the overall trial population.
Empagliflozin-treated participants also had a slower eGFR decline and lower risk of progression in albuminuria status versus placebo, as previously reported in the overall trial population 27, 28 . Importantly, these changes were seen in addition to renin-angiotensin-aldosterone system inhibition in the majority of patients (>80%), suggesting that the mechanism of action of empagliflozin might complement that of ACE inhibitors and ARBs. As might be expected in clinical trials where the protocol encourages investigators to treat all risk factors to the local standard of care, a number of patients received new prescriptions for medications that might also alter intrarenal hemodynamics, such as ACE inhibitors and ARBs, during the study. However, these were added in both the placebo and empagliflozin groups, and thus seem unlikely to have significantly impacted the present results. Consistent with the overall study population 28 , the benefits of empagliflozin on UACR were readily observed in Asian patients irrespective of baseline albuminuria status, although appeared of particular clinical relevance in patients with elevated urinary albumin levels at baseline.
These results suggest the potential for empagliflozin to reduce the burden of early morbidity and mortality from DKD associated with Asian race in patients with type 2 diabetes mellitus 36, 37 . In the current analyses, event rates for kidney outcomes were higher in the Asian placebo subgroup than in the overall placebo group, supporting previous findings that Asians with type 2 diabetes mellitus have an elevated risk of progressive kidney disease. In Asian patients with type 2 diabetes mellitus, albuminuria has previously been reported to increase the risk of adverse kidney outcomes [38] [39] [40] , and the magnitude of changes in proteinuria and protection of kidney function observed with empagliflozin in the present study might yield the potential to translate into clinical practice by delaying the need for dialysis by several years.
As previously reported, the overall safety profile of empagliflozin was similar in Asian patients and the overall trial population 29 . Genital infections were relatively scarce in comparison with Western populations (approximately 3%, or half the rate). This might reflect improved hygiene measures in Asian populations, although this is hard to test. Our additional analyses in subgroups of Asian patients with eGFR above or below 60 mL/min/1.73 m 2 at baseline showed a greater likelihood of AEs in patients with reduced eGFR, whether they were assigned placebo or empagliflozin. A higher rate of AEs is expected in patients with impaired kidney function, and although no additional safety signal was noted with empagliflozin, these results highlight the need for individualized treatment approaches in populations with DKD. Edema appeared to be less frequent in patients taking empagliflozin, presumably related to its osmotic diuretic/natriuretic effect. Consistent with the overall study population 35 , a lower proportion of Asian patients who received empagliflozin initiated loop diuretics during the study than in the group receiving placebo. The lower rate of introduction of loop diuretics in the empagliflozin group is consistent with the previously reported reduced incidence of hospitalization for heart failure 29 .
The mechanism by which empagliflozin reduces the risk of clinically relevant kidney outcomes is likely multifactorial, with processes such as improvement in arterial stiffness, serum uric acid levels and tubulointerstitial hypoxia proposed, although the key contributor is thought to be lowering of intraglomerular pressure 27, 41 . This was not measured in the EMPA-REG OUT-COME â trial, but a mechanistic study in patients with type 1 diabetes showed intraglomerular pressure reductions of 6-8 mmHg with empagliflozin 42 . Reductions in glomerular hypertension are thought to result from increased sodium reaching the macula densa, restoring tubuloglomerular feedback, thus causing afferent arteriole vasomodulation. Taken together, the pattern of eGFR and UACR changes we observed suggest that empagliflozin-mediated hemodynamic effects on the kidney (associated with lowering of intraglomerular pressure) were likely the key contributor to the results in the subgroup of Asian patients, as it was for the overall population. This is of particular clinical relevance to Asian patients, as it is well known that many Asian diets include high-sodium consumption, often with insufficient potassium intake, an established contributor to high blood pressure 43 . It is reported that racial groups differ in their levels of plasma renin activity, more salt-sensitive hypertension and ability to excrete a sodium load 44 . Asian patients tend to be more responsive than other groups to antihypertensive agents affecting the renin-angiotensin-aldosterone system, such as ACE inhibitors and ARBs; for example, in Reduction of Endpoints in NIDDM with the Angiotensin II Antagonist Losartan (RENAAL), ARB treatment reduced the risk of renal outcomes by 35% in Asians versus 16% in the overall trial population 45 . These factors might have particular relevance for DKD, as abnormal renal sodium handling is a key mechanism in the development of kidney disease through hypertension and volume overload. Increased dietary salt intake has been repeatedly found to be associated with CV damage, and more recently, evidence has begun to emerge that patients with diabetes have increased tissue sodium content 164 weeks corresponds to the median observation period. Normoalbuminuria, urine albumin-to-creatinine ratio <30 mg/g; microalbuminuria, urine albumin-to-creatinine ratio ≥30 to ≤300 mg/g; macroalbuminuria, urine albumin-to-creatinine ratio >300 mg/g. patients could potentially be very responsive to such treatment approaches. The EMPA-REG OUTCOME â trial was a rigorously conducted study, and the multinational population has allowed additional analyses such as ours. One of the key strengths of our analyses was the broad grouping of patients of Asian race, including patients treated at centers elsewhere in the world. This suggests our results might be applicable across the range of patients of different Asian backgrounds, even though DKD etiology and pathophysiology might vary between groups. However, as patients who identified themselves as Asian were likely heterogeneous with regard to genetic, environmental and cultural factors relevant to kidney risk 47, 48 , additional studies in dedicated geographies could be of interest. Notably, East Asian patients might be at particularly increased risk; in our analyses, we were limited by a relatively small subgroup, but the results showed a trend towards consistent results with the overall group.
Furthermore, all patients enrolled in EMPA-REG OUT-COME â had established CV disease and, as this significantly impacts the risk of future clinical events, the present results require confirmation in those without CV disease. Observational data from real-world studies might be useful here, and future trials of empagliflozin in patients with kidney disease should extend our understanding. In particular, the recently announced EMPA-KIDNEY study has been specifically designed to assess the effect of empagliflozin on clinical outcomes in people with established chronic kidney disease, with or without diabetes, receiving current standard of care 49 . Key end-points will examine the most clinically relevant outcomes of kidney disease progression and CV mortality risk.
In summary, in the subgroup of Asian patients from the EMPA-REG OUTCOME â trial, all of whom had type 2 diabetes mellitus and established CV disease, empagliflozin improved kidney outcomes, slowed kidney function loss and provided sustained improvements in albuminuria versus placebo, demonstrating results consistent with those reported for the overall trial population.
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